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nescription 


5 Tftr.hnical Field 

The present invention relates to television tuners and more particularly 
pertains to a highly integrated television tuner fabricated on a single microcircuit 
device. 

10 Rackp-round Art 

In the past, television tuners have been constructed to be fairly complex and 
typically include between 100 and 200 elements on a circuit board. One example 
ofa prior art tuner is shown in Prior Art Figure 1. In such Figure, a tuner 100 is 
shown to include, at the most basic level, an upconverter 102, an upconverter 

15 output circuit 104, an intermediate filter circuit 106, a downconverter 108, and an 

output filter 110. 

The upconverter 102 takes the form of an integrated circuit, i.e. 
ACU5075 1 . In use, the upconverter 102 mixes an input signal with a reference 
signal to generate an intermediate frequency signal. Typically, such intermediate 
20 frequency signal is in the order of 1.2 GHz. Connected to the upconverter 102 is 
the output circuit 1 04 which includes a balun 1 1 1 , or balancing transformer, for 
converting the intermediate frequency signal from the upconverter 102 to a single- 
ended form. 

The downconverter 108 of the tuner 100 is connected to the upconverter 
25 output circuit 104 with the intermediate filter circuit 106 connected therebetween. 
Finally, the output filter 1 10 is connected to the downconverter 108 for filtering 
purposes. During operation, the downconverter 108 mixes the intermediate 
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frequency signal with a reference signal to generate a second intermediate 
frequency signal usually in the order of 44 or 36 MHz. 

Due to the specific values of the first and second intermediate frequency 
signals, image frequencies are generated at 1.2 GHz +/- 88 or 72 MHz. These 
image frequencies, in turn, require complex filtering. For example, intermediate 
filter circuit 106 requires a pair of filters 1 12 having an interstage buffer 1 14. 
Further, the output filter 1 10 must consist of an intricate SAW filter or the like. 

It should be noted that both of the foregoing filters are extremely difficult, 
if not impossible, to implement on an integrated circuit in view of high "Q" 
ratings. As such, the tuner 100 of Prior Art Figure 1 must be implemented with 
multiple discrete components. There is thus a need in the prior art for a tuner 
with simplified filtering requirements and the capability of being implemented on 
a single integrated circuit. 

Summary of the Invention 

A television receiver is provided including a first mixer having a first input 

adapted for receiving an input signal in a predetermined frequency range. It should 

be noted that the input signal may take the form of either a broadcast television 

signal, a cable television signal, or a digital signal transmitted over a cable 

delivery system. The first mixer further includes a second input adapted for 

receiving a first reference signal having a first operating frequency. In use, the first 

mixer is suitable for outputting an intermediate frequency signal having a 

frequency greater than at least one frequency in the predetermined frequency range. 

Also included is a filter for filtering the intermediate frequency signal. A phase 

shifting network is provided which includes an input adapted for receiving a second 

reference signal having a second operating frequency. The phase shifting network 

further includes a pair of outputs. In operation, the phase shifting network is 

suitable for outputting a pair of quadrature reference signals each having a 

frequency substantially equal to the second operating frequency. A pair of second 
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mixers each have a first input coupled to the filter and a second input coupled to 
one of the outputs of the phase shifting network. Coupled to the second mixers are 
a pair of low-pass filters for filtering the output signals. In use, the second mixers 
serve for generating output signals that are in quadrature and at a baseband 
frequency for being processed by a subsequent digital signal processor. 

By this structure, the stringent requirements associated with filtering the 
intermediate frequency signal is avoided by downconverting the intermediate 
frequency signal to a baseband frequency. As such, the filter of the present 
invention that follows the first mixer may be simplistic in design since image 
frequencies are not produced. The simplistic nature of the filter in turn allows 
easier implementation on an integrated circuit with the remaining components of 
the present invention. Further, the low-pass filters may also be implemented on 
the integrated circuit since an intricate SAW filter is not required. 


Brief Description of the Drawings 

The invention will be better understood when consideration is given to the 
following detailed description thereof. Such description makes reference to the 
annexed drawings wherein: 

Prior Art Figure 1 is a schematic diagram of a television receiver of the 

prior art; 

Figure 2 is a schematic diagram of one embodiment of the present 
invention; 

Figure 3 is a more detailed schematic diagram of one embodiment of the 
present invention; 

Figure 4 is a more detailed schematic diagram of one embodiment of the 
present invention, wherein one of the filters of the present invention is 
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implemented on an integrated circuit chip along with the remaining components of 
the present invention; and 

Figure 5 is a more detailed schematic diagram of one embodiment of the 
present invention, wherein the frequency synthesizer of the present invention is 
implemented on an integrated circuit chip along with the remaining components of 
the present invention. 

Figure 6 is a more detailed schematic diagram of one embodiment of the 
present invention, wherein the upconverter includes a plurality of first mixers. 

Figure 7 is a more detailed schematic diagram of one embodiment of the 
present invention, wherein the upconverter includes a plurality of first mixers each 
with an associated filter. 


Disclosure of the Invention 

Figure 1 shows a prior art television receiver. With reference now to Figure 
2, one embodiment of the present invention is shown to include a receiver 200 
having an input 202, first and second reference signal sources 204 and 206, a first 
mixer 208, a filter 210, a 90° phase shifting network 212, a pair of second mixers 
214, and a pair of low-pass filters 254. Due to relaxed constraints on the filter 210 
and low-pass filters 254, such filters may take on a simplistic design and therefore 
be more easily implemented on a single integrated circuit 216 with the remaining 
components of the present invention. The foregoing relaxed constraints are 
afforded by converting the input signal to an intermediate frequency signal and 
then directly to baseband output signals(as opposed to second intermediate 
frequency signals of 44 and 36 MHz), thereby avoiding the generation of image 
frequency signals that traditionally require more intricate filters. As mentioned 
earlier, these image frequency signals require complex filters with higher "Q" 
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ratings, i.e. SAW filters, which must be implemented separate from the integrated 
circuit. 

With continuing reference to Figure 2, the input 202 of the present 
invention is adapted for receiving an input signal within a predetermined radio 
5 frequency (RF) range. It should be noted that the input signal may take on any 

broadcast television signal, cable television signal, or digital signal transmitted on 
a cable delivery system. Typically such input signal occurs in the frequency range 
of 50-860MHz. For reasons that will soon become apparent, the first and second 
reference signal sources 204 and 206 are capable of generating a first reference 
10 signal having a first operating frequency and a second reference signal having a 
second operating frequency, respectively. 

The first mixer 208 has a first input coupled to the input signal and a second 
input coupled to the first reference signal. In use, the first mixer 208 outputs an 
intermediate frequency signal having a frequency greater than any other frequency 
15 in the predetermined frequency range. Coupled to the first mixer 208 is a filter 
210 for filtering the intermediate frequency signal. 

Figure 2 shows the 90° phase shifting network 212 to have an input coupled 
to the second reference signal. The phase shifting network 212 is further equipped 
with a pair of outputs. In operation, the phase shifting network 212 is suitable for 
20 outputting a pair of quadrature reference signals each having a frequency 
substantially equal to the second operating frequency. 

Coupled to the filter 210 are a pair of second mixers 214. Such second 
mixers 214 are each further coupled to one of the outputs of the phase sWfting 
network 212. The second mixers 214 serve to generate output signals that are in 
25 quadrature and at a baseband frequency. 

Through the use of the second mixers 214 and the phase staffing network 
212, the present invention is capable of generating output signals that are each at a 
baseband frequency and in quadrature. The conversion to baseband is critical for 
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simplifying the constraints of the filter 210 and low-pass filters 254 which in turn 
allows the filter 210 and low-pass filters 254 to be more easily implemented on an 
integrated circuit 216 along with the remaining components of the receiver 200. 

As shown in Figures 3-5, the embodiment of Figure 2 may be expanded to 
include a plurality of optional components for the purpose of enhanced operation. 
For example, a PEST attenuator network 220 may be connected between a source of 
the input signal and the input 202 of the present invention. As is commonly 
known in the art, the PIN attenuator network 220 serves to reduce carrier levels 
during operation. 

Further, the first mixer 208 of Figure 2 may be a component of an 
upconverter network 222 that further includes a low noise amplifier 224, a 
variable attenuator 226, and an image filter 228. Note Figures 3-5. In such 
embodiment, an input of the low noise amplifier 224 of the upconverter network 
222 is coupled to the input 202. Further, an output of the low noise amplifier 224 
of the upconverter network 222 is coupled to an input of the variable attenuator 
226. Finally, the image filter 228 of the upconverter network 222 is connected 
between an output of the variable attenuator 226 and the first input of the first 
mixer 208. In use, the image filter 228 serves to attenuate image noise which 
occurs at 2*F IF + F desjred , where IF is the intermediate frequency. This noise, if 
allowed to enter the first mixer 208, would desensitize it. 

In operation, the upconverter network 222 mixes a band of carriers of the 
input signal to an intermediate frequency (IF) signal which is higher than any of 
the carrier frequencies of the input signal. In one embodiment, the frequency of 
the intermediate frequency signal is 1.2 GHz. The first mixer 208 of the 
upconverter network 222 is driven by the first reference signal which, in one 
embodiment, is ¥ v + ¥ m , wherein F IF is the frequency of the intermediate 
frequency signal and F^ is the frequency of the desired carrier. 
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As an option, the low noise amplifier 224 of the upconverter network 222 
may be connected to a separate additional low noise amplifier 230 for serving as a 
signal splitter and driving an unillustrated second receiver. Further, the low noise 
amplifier 224 may take the form of a variable low noise amplifier for adjustably 
5 setting a magnitude, or carrier levels, of the input signal. This adjustment may be 
effected by way of a dedicated external pin of the integrated circuit 216. 

Similar to the low noise amplifier 224 of the upconverter network 222, the 
variable attenuator 226 and first mixer 208 of the upconverter network 222 may 
each be variable in the sense that such components are adapted for adjustably 

10 setting a magnitude of the input signal. In yet another embodiment, the first mixer 
208 of the upconverter network 222 may be replaced with two or more of the first 
mixers that are each suitable for converting a unique portion, or "sub-band", of the 
frequency range of the input signal. As shown in Figure 6, the outputs of the 
mixers of the present embodiment are connected together. In use, such first mixers 

15 may be selectively enabled and disabled by way of an external pin of the 

integrated circuit 216. By this feature, the overall level of multiple carriers at the 
output of the mixers is reduced, improving the linear signal handling capability of 
the receiver. In yet another embodiment, the outputs of the aforementioned 
mixers each have a separate filter connected thereto for passing only frequencies 

20 which are outputted by the mixer connected thereto. Note Figure 7. The separate 
filters are each configured to pass different frequencies. This in turn reduces the 
tuning range requirements of the variable controlled oscillator 272. 

As mentioned earlier in reference to Figure 2, the filter 210 acts as an 
intermediate frequency signal filter that may or may not be positioned on the 

25 integrated circuit 216 with the remaining components of the present invention. 

See Figures 3 and 4, respectively. Unlike prior art devices, this option is realized 
by mitigating the requirement for image rejection through conversion of the input 
signal directly to an output signal at a baseband frequency. By this feature, the 
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filter 210 may include a simplistic L-C based filter that broadly filters the 
intermediate frequency signal and reduces the level of interference into the second 
mixers 214. In one embodiment, the filter 210 of the present invention may 
include spiral-metal-based inductors separate from the integrated circuit 216 and 
capacitors implemented on the integrated circuit 216. 

With continuing reference to Figures 3-5, the embodiment of Figure 2 may 
be further expanded to include a plurality of additional optional components for 
the purpose of enhanced operation. For instance, the second mixers 214 may be 
components of a downconverter network 240 that further includes a low noise 
amplifier 242 to improve the noise figure of the second mixers 214. 

In operation, the second mixers 214 of the downconverter network 240 of 
the present invention are driven by the quadrature reference signals that are 90 
degrees out-of-phase. The quadrature reference signals are in turn generated by 
the second reference signal that is tuned at the first intermediate frequency by 
means which will be set forth later. The output signals that are available at output 
terminals IOUT and QOUT are baseband outputs rather than traditional 44 or 36 
MHz intermediate frequency outputs of the prior art. 

It should be understood that since the output signals are at a baseband 
frequency, it is required that the receiver 200 of the present invention be coupled 
to a digital signal processor integrated circuit 244 specially tailored to 
accommodate the output signals at the output terminals. Examples of 
modifications include possible correction circuitry for rectifying quadrature errors 
that result from imperfections during the quadrature process. Specifically, such 
errors originate from the phase shifting network 212 as well as transistor-level 
mismatches in the circuitry of the second mixers 214. In previous systems the 44 
or 36 MHz intermediate frequency does not require additional quadrature 
correcting processing since all quadrature demodulation is performed by the 
digital signal processor integrated circuit 244. 
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As an option, the low noise amplifier 242 of the downconverter network 
240 may take the form of a variable low noise amplifier for adjustably setting a 
magnitude, or carrier levels, of the intermediate frequency signal. Such 
adjustability may be governed by a dedicated external pin of the integrated circuit 
216. As yet another option, the second mixers 214 may take the form of variable 
mixers for adjustably setting a magnitude of the intermediate frequency signal. 
Similar to the low noise amplifier 242 of the downconverter network 240, the 
second mixers 214 may also be manipulated via a dedicated external pin of the 
integrated circuit 216. 

As still yet another option, a baseband signal network 250 may be coupled 
to the outputs of the second mixers 214. As shown in Figures 3-5, such baseband 
signal network 250 includes a first pair of low noise amplifiers 252, a pair of low- 
pass filters 254, a second pair of low noise amplifiers 256, a gain offset correction 
circuit 258, and a DC offset correction circuit 262. The first pair of low noise 
amplifiers 252 are coupled between the second mixers 214 and the low-pass filters 
254. Further, the second pair of low noise amplifiers 256 are coupled between the 
low-pass filters 254 and the gain offset correction circuit 258 which is in turn 
coupled to the outputs of the present invention. It is imperative that the elements 
along the output paths of the baseband signal network 250 are identical. 

In operation, the first pair of low noise amplifiers 252 work to set a 
magnitude of the incoming carrier levels of the output signals such that the low- 
pass filters 254 operate within an optimum dynamic range, thus balancing noise 
and intermodulation performance. The purpose of the second pair of low noise 
filters 256, on the other hand, is to adjust a desired magnitude of the output signals 
required for analog-to-digital conversion in the subsequent digital signal processor 
integrated circuit 244. 

The low-pass filters 254 are designed to reject adjacent carriers on the 
output signals while passing the desired carrier with minimum distortion. The 
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bandwidth of the carriers, and therefore the bandwidth of the low-pass filters 254, 
is typically 3 MHz for a US cable system and 4MHz for a European cable system. 
It should be noted, however, that other channel bandwidths may be present on the 
cable and therefore the filters may have different bandwidths. The low-pass filters 
254 may be a 7 th order Elliptic design, and may contain a group delay equalization 
circuit to minimize distortion of the desired carrier. Other filter designs may be 
used which reduce the complexity of the filter circuitry and combine the filtering 
available in the subsequent digital signal processor integrated circuit 244 to 
provide the desired adjacent channel rejection. 

Optionally, an external pin of the integrated circuit 216 of the present 
invention may be dedicated to allow adjustment of a common mode DC level of 
the differential outputs to suit the needs of the subsequent digital signal processor 
integrated circuit 244. In still other implementations, the outputs of the baseband 
signal network 250 may be single ended. 

The gain offset correction circuit 258 operates to balance the magnitude of 
the output signals at the outputs IOUT and QOUT within 03dB. This is critical 
for maximizing the utilization of the dynamic range of the analog-to-digital 
converter of the subsequent digital signal processor integrated circuit 244. During 
operation, the DC offset correction circuit 262 removes most of the DC offset 
present in the baseband signal network 250. It should be noted that the DC offset 
is due to self-conversion of the second reference signal in the downconverter 
network 240. 

hi various alternate embodiments, the first and second pair of amplifiers 252 
and 256 of the baseband signal network 250 may be variable amplifiers, thus 
allowing for adjustable gain. As shown in Figures 3 and 4, such adjustability may 
be governed by a dedicated external pin on the integrated circuit 216 of the present 
invention, hi the alternative, the gain may be adjusted via a serial bus, as shown 
in Figure 5. Similarly, a cutoff frequency of the low-pass filters 254 may be 

10 


WO 00/62532 PCT/USOO/08969 


adjustable by either a dedicated external pin or serial bus, as shown in Figures (3 
and 4) and 5, respectively. 

With continuing reference to Figures 3-5, it is shown that the first and 
second reference signal sources 204 and 206 each include a local oscillator 
5 network 270 having multiple components such as a variable controlled oscillator 
272 and a frequency synthesizer 274. By way of example, the frequency 
synthesizer 274 may take the form of a dual phase locked loop, i.e. SP5848. 

As an option, active circuitry of the variable controlled oscillators 272 may 
be implemented on the integrated circuit 216 of the present invention while a tank 

10 circuit 278, i.e. varactor diodes, inductors, and capacitors, is implemented on or 
separate from the integrated circuit 216. Further, one or both of the variable 
controlled oscillators 272 may be implemented on the integrated circuit 216. In 
use, the variable controlled oscillators 272 present low phase noise on the order of 
-85dBc, at 10kHz offset. As shown in Figure 5, the dual phase locked loop may 

15 be included on the integrated circuit 216 and controlled by a serial interface. 

Finally, a means of providing the 30V supply to operate the varactors may also be 
included on chip. 

Yet another component of the present invention includes an automatic gain 
control network 280 having a power detector 282 and an operational amplifier 

20 284. As shown in Figures 3-5, the power detector 282 is connected between the 
output of the low noise amplifier 242 of the downconverter network 240 and a 
first input of the operational amplifier 284 of the automatic gain control network 
280. Such first input of the operational amplifier 284 is further connected to an 
off-chip RC circuit 286 via an external pin 288. A second input and an output of 

25 the operational amplifier 284 are also accessible by way of external pins 290 and 
292 and are connected via a feedback loop 294 and a corresponding resistor 
network 296. The output of the operational amplifier 284 is further connected to 
the variable attenuator 226 of the upconverter network 222 and the PIN attenuator 
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network 220 for attenuating the magnitude of the incoming input signal when a 
certain detected power level is reached at the input of the downconverter network 
240. 

In use, the power detector 282 senses a level of total composite power of the 
5 intermediate frequency signal entering the downconverter network 240 and 

generates a corresponding current. This current is then filtered via the RC circuit 
286. It should be noted that a resistor of the RC circuit 286 converts the current 
into a voltage which in turn determines the detected power level vs. voltage. A 
capacitor of the RC circuit 286 sets the dominant pole in the loop. The resulting 

10 voltage is present at the first input of the operational amplifier 284, as shown in 
Figures 3-5. The second input of the operational amplifier 284 is connected to a 
passive feedback configuration to set a desired loop gain. In this configuration, a 
first resistor 300 of the feedback loop 294 is connected in the feedback loop 294 
and a second resistor 302 of the feedback loop 294 is connected to ground. 

15 The operational amplifier 284 of the automatic gain control network 280 

thus drives the PIN attenuator network 220 such that the present invention 
operates in a self-regulating mode. In particular, this is accomplished by the PIN 
attenuator network 220 attenuating a magnitude of the incoming input signal when 
a certain power level is reached at the input of the downconverter network 240. 

20 This is critical for preventing the downconverter network 240 from becorning 

overloaded. In various alternate embodiments, the automatic gain control network 
280 may be used to control the amplifiers or mixers of either the upconverter 
network 222 or downconverter network 240. 

Finally, a digital serial interface 310 may be provided for allowing the 

25 digital signal processor integrated circuit 244 or a microcontroller to control the 
receiver 200. As shown in Figure 5, a 2- or 3-wire serial digital interface may be 
employed. 
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As to the manner of usage and operation of the present invention, the same 
should be apparent from the above description. Accordingly, no further 
discussion relating to the manner of usage and operation will be provided. 

Although only a few embodiments of the present invention have been 
described in detail herein, it should be understood that the present invention could be 
embodied in many other specific forms without departing from the spirit or scope of 
the invention. 

Therefore, the present examples and embodiments are to be considered as 
illustrative and not restrictive, and the invention is not to be limited to the details 
given herein, but may be modified within the scope of the appended claims. 
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Claims 

I claim 

1 . A receiver for use with an input signal that takes the form of at least 
one of a broadcast television signal, a cable television signal, and a digital signal 
transmitted over a cable delivery system, comprising: 

a first mixer including a first input adapted for receiving an input signal in a 
predetermined frequency range, the first mixer further including a second input 
adapted for receiving a first reference signal having a first operating frequency, the 
first mixer suitable for outputting at an output thereof an intermediate frequency 
signal having a frequency greater than at least one frequency in the predetermined 
frequency range; 

a filter for filtering the intermediate frequency signal; 

a phase shifting network including an input adapted for receiving a second 
reference signal having a second operating frequency, the phase shifting network 
further including a pair of outputs, the phase shifting network suitable for 
outputting at the outputs thereof a pair of quadrature reference signals each having 
a frequency substantially equal to the second operating frequency; 

a pair of second mixers each having a first input coupled to the filter and a 
second input coupled to one of the outputs of the phase shifting network, the 
second mixers suitable for outputting at outputs thereof output signals that are in 
quadrature and at a baseband frequency; and 
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a pair of low-pass filters coupled to the second mixers for filtering the 
output signals. 

2. The receiver as set forth in claim 1 , wherein the input signal includes 
at least one of the television signals. 

3. The receiver as set forth in claim 1 , wherein the input signal includes 
the digital signal. 

4. The receiver as set forth in claim 1 , wherein the first mixer, the 
second mixers and the phase shifting network are each implemented on an 
integrated circuit. 

5. The receiver as set forth in claim 4, wherein at least one of the filters 
is implemented on the integrated circuit. 

6. The receiver as set forth in claim 5, wherein at least one of the filters 
includes spiral-metal-based inductors and capacitors. 

7. The receiver as set forth in claim 1 , wherein the first mixer is a 
component of an upconverter network that further includes an amplifier and an 
image filter. 

8. The receiver as set forth in claim 7, wherein the amplifier includes a 
separate output for serving as a signal splitter and driving a second receiver. 

9. The receiver as set forth in claim 7, wherein the amplifier is coupled 
to a variable attenuator for adjustably setting a magnitude of the input signal. 

15 


0 062532A1 I > 


WO 00/62532 


PCT/US00/08969 


10. The receiver as set forth in claim 7, wherein the amplifier is a variable 
amplifier for adjustably setting a magnitude of the input signal. 

1 1 . The receiver as set forth in claim 1 , wherein the first mixer is a 
variable mixer for adjustably setting a magnitude of the input signal. 

1 2. The receiver as set forth in claim 1 , wherein a plurality of first mixers 
are included each suitable for outputting an intermediate frequency signal having a 
frequency within a unique predetermined frequency range. 

13. The receiver as set forth in claim 1, wherein the second mixers are 
components of a downconverter network that further includes an amplifier. 

14. The receiver as set forth in claim 1 3, wherein the amplifier is a 
variable amplifier for adjustably setting a magnitude of the intermediate frequency 
signal. 

15. The receiver as set forth in claim 1, wherein the second mixers are 
variable mixers for adjustably setting a magnitude of the intermediate frequency 
signal. 

1 6. The receiver as set forth in claim 1 , wherein a baseband signal 
network is coupled to the outputs of the second mixers, the baseband signal 
network including the pair of low-pass filters. 

17. The receiver as set forth in claim 16, wherein a cutoff frequency of 
each of the low-pass filters is adjustable. 
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1 8. The receiver as set forth in claim 1 6, wherein the baseband signal 
network includes a pair of amplifiers coupled to inputs of the low-pass filters for 
adjusting a magnitude of the output signals such that the low-pass filters of the 
baseband signal network operate within a predetermined range. 

19. The receiver as set forth in claim 18, wherein the amplifiers of the 
baseband signal network are variable amplifiers. 

20. The receiver as set forth in claim 1 6, wherein the baseband signal 
network includes a pair of amplifiers coupled to outputs of the low-pass filters for 
adjusting a magnitude of the output signals in preparation for analog to digital 
conversion. 

2 1 . The receiver as set forth in claim 20, wherein the amplifiers of the 
baseband signal network are variable amplifiers. 

22. The receiver as set forth in claim 16, wherein the baseband signal 
network includes a gain offset correction circuit for balancing the output signals 
within a predetermined difference in preparation for analog to digital conversion. 

23. The receiver as set forth in claim 1 6, wherein the baseband signal 
network includes a DC offset correction circuit for removing a DC offset in the 
output signals in preparation for analog to digital conversion. 

24. The receiver as set forth in claim 1 , wherein the reference signals are 
generated by oscillator circuits each including a variable controlled oscillator and 
a frequency synthesizer circuit 
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25. The receiver as set forth in claim 24, wherein the first mixer, the 
second mixers, the phase shifting network, and at least a portion of the variable 
controlled oscillator of each of the oscillator circuits is implemented on an 
integrated circuit. 

26. The receiver as set forth in claim 24, wherein the first mixer, the 
second mixers, the phase shifting network, and at least a portion of the frequency 
synthesizer circuit of each of the oscillator circuits is implemented on an 
integrated circuit. 

27. The receiver as set forth in claim 13, and further including an 
automatic gain control circuit having a power detector and an amplifier. 

28. The receiver as set forth in claim 27, wherein the amplifier of the 
automatic gain control circuit is coupled to the amplifier of the downconverter 
network for controlling purposes. 

29. The receiver as set forth in claim 27, wherein the amplifier of the 
automatic gain control circuit is coupled to the first mixer of the downconverter 
network for controlling purposes. 

30. The receiver as set forth in claim 7, and further including an 
automatic gain control circuit having a power detector and an amplifier. 

3 1 . The receiver as set forth in claim 30, wherein the amplifier of the 
automatic gain control circuit is coupled to the amplifier of the upconverter 
network for controlling purposes. 
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32. The receiver as set forth in claim 30, the amplifier of the automatic 
gain control circuit is coupled to the first mixer of the upconverter network for 
controlling purposes. 

33 . The receiver as set forth in claim 1, and further including a digital 
signal processor coupled to the second mixers, the digital signal processor being 
suitable for accepting the output signals that are at the baseband frequency. 

34. The receiver as set forth in claim 33, and further including a digital 
serial interface for allowing the digital signal processor to control the receiver. 

35 . The receiver as set forth in claim 1 , wherein a plurality of the first 
mixers are included each for receiving input signals in a portion of the 
predetermined range. 

36. The receiver as set forth in claim 35, wherein the first mixers are 
selectively enabled and disabled. 

37. The receiver as set forth in claim 35, wherein each of the first mixers 
has a separate filter connected thereto. 

38. A method of tuning a receiver comprising the operations of: 

providing an input signal in a predetermined frequency range, wherein the 
input signal includes at least one of a broadcast television signal, a cable television 
signal, and a digital signal transmitted over a cable delivery system; 
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providing a first reference signal having a first operating frequency; 

providing a second reference signal having a second operating frequency; 

mixing the first reference signal and the input signal to generate an 
intermediate frequency signal having a frequency greater than at least one 
frequency in the predetermined frequency range; 

filtering the intermediate frequency signal; 

generating from the second reference signal a pair of quadrature reference 
signals each having a frequency substantially equal to the second operating 
frequency; 

mixing the quadrature signals and the intermediate frequency signal to 
generate output signals that are in quadrature and at a baseband frequency; and 

filtering the output signals. 

39. The method as set forth in claim 38, wherein the input signal includes 
at least one of the television signals. 

40. The method as set forth in claim 38, wherein the input signal includes 
the digital data signal. 

41. The method as set forth in claim 38, wherein the operations of mixing 
the first reference signal and the input signal, generating from the second reference 
signal a pair of quadrature reference signals, mixing the quadrature signals and the 
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intermediate frequency signal, and filtering the output signals each are executed on 
a single integrated circuit. 

42. The method as set forth in claim 4 1 , wherein the operation of filtering 
5 the intermediate frequency signal is executed on the integrated circuit. 

43 . The method as set forth in claim 4 1 , wherein the operation of filtering 
the intermediate frequency signal is carried out off the integrated circuit. 

1 o 44. The method as set forth in claim 42, wherein the operation of filtering 

the intermediate frequency signal is carried out using spiral-metal-based inductors 
and capacitors. 

45. The method as set forth in claim 38, and further including the 
15 operation of: 

splitting the input signal for tuning a second receiver. 

46. The method as set forth in claim 38, and further including the 
20 operation of: 

adjustably setting a magnitude of the input signal. 

47. The method as set forth in claim 38, and further including the 
25 operation of: 

adjustably setting a magnitude of the intermediate frequency signal. 
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48. The method as set forth in claim 38, and further including the 
operation of: 

adjusting a magnitude of the output signals in preparation for analog to 
digital conversion. 

49. The method as set forth in claim 38, and further including the 
operation of: 

- balancing the output signals within a predetermined difference in 
preparation for analog to digital conversion. 

50. The method as set forth in claim 38, and further including the 
operation of: 

removing a DC offset in the output signals in preparation for analog to 
digital conversion. 

5 1 . The method as set forth in claim 38, and further including the 
operation of: 

connecting the receiver to a digital signal processor which controls the 
receiver. 

52. A receiver for use with an input signal that takes the form of at least 
one of a broadcast television signal, a cable television signal, and a digital signal 
transmitted over a cable delivery system, comprising: 
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a first mixer means including a first input adapted for receiving an input 
signal in a predetermined frequency range, the first mixer means further including 
a second input adapted for receiving a first reference signal having a first 
operating frequency, the first mixer means suitable for outputting at an output 
thereof an intermediate frequency signal having a frequency greater than at least 
one frequency in the predetermined frequency range; 

a filter means for filtering the intermediate frequency signal; 

a phase shifting network means including an input adapted for receiving a 
second reference signal having a second operating frequency, the phase shifting 
network means further including a pair of outputs, the phase shifting network 
means suitable for outputting at the outputs thereof a pair of quadrature reference 
signals each having a frequency substantially equal to the second operating 
frequency; 

a pair of second mixer means each having a first input coupled to the filter 
means and a second input coupled to one of the outputs of the phase shifting 
network means, the second mixer means suitable for outputting at outputs thereof 
output signals that are in quadrature and at a baseband frequency; and 

at least one low-pass filter means coupled to the second mixer means for 
filtering the output signals. 
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